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Abstract 

Natural ingredients containing antibacterial substances, such as those found in Aloe vera and Madeira vine (Anredera 

cordifolia) plants, are needed to fasten wound healing and address bacterial infections. The combinations of these plant extracts 

were formulated into a hydrogel prepared by mixing the extracts with polyvinyl alcohol (PVA) and shaving gelatin waste. The 

present study was aimed to determine the optimum combination of madeira vine leaves and aloe vera extracts impregnated to 

PVA/gelatin hydrogel that give the highest antibacterial activity. The plant extracts were prepared by maceration procedure using 

96% ethanol as solvent followed by evaporation to obtain concentrated extracts. The extracts were then screened for their 

phytochemical content. Madeira vine leaves extract contains phenolic, tannins, flavonoids, saponins, and triterpenoids compounds. 

Meanwhile, aloe vera extract contains flavonoids, alkaloids, and triterpenoids compounds. Antibacterial assay using 

spectrophotometry method showed 39.13% bacterial growth inhibition when the assay solution contains 1000 ppm madeira vine 

leaves extract, while no inhibition observed with the aloe vera extract. The highest antibacterial activity in the hydrogel was found 

when madeira vine leaves and aloe vera extracts were adjusted to 250 and 750 ppm, respectively, giving the lowest cell growth rate 

(µ). The optimized hydrogel was then characterized using FTIR analysis, swelling ratio, and in vitro extract release. FTIR spectrum 

reveals the presence of -OH stretching, C-H stretching, C=C stretching aromatic, C=O stretching, C-N stretch and N-H bending. 

The swelling ratio was 19.1%, exceeding the specified standard swelling ratio of 12.5%, while the in vitro extract release test shows 

an extract release percentage of 28.5% within 180 minutes. 
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1. Introduction 

Untreated open wounds in animals can lead to infections, 

potentially spreading to deeper tissues and hindering the 

healing process [1]. Proper wound care is crucial to prevent 

complications, and while the animal wound treatment 

industry has made progress, antibiotics remain a primary 

component [2]. To fasten wound healing and address 

bacterial infections, natural ingredients with antibacterial 

properties, such as aloe vera and madeira vine (known in 

Indonesia as binahong) leaves, are essential. Aloe vera, 

known for its antibacterial, anti-fungal, anti-inflammatory 

attributes and has been proven effective in wound healing [3-

5]. Madeira vine leaves, an underutilized medicinal plant, 

meet criteria for antibacterial effectiveness, availability, 

affordability, minimal side effects, and easy cultivation [6]. 

Hydrogels, commonly used in wound healing research, prove 

effective in debris removal, maintaining a moist environment, 

and providing a cooling effect, ultimately contributing to pain 

reduction and enhancing patient comfort during recovery [7]. 

Hydrogel can be prepared by mixing polyvinyl alcohol and 

gelatin [8-9]. Gelatin can be prepared from leather processing 

waste and usually contain high amount of chrome. By 

utilizing this waste, can gives benefit by reducing the amount 

of waste to the environmental [10].  
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Combining hydrogel with natural antibacterial extract 

will lead to a biocompatible material with high effectivity and 

affordability that can be applied in wound healing. Madeira 

vine leaves and aloe vera extracts in hydrogel will improve 

wound healing process, where antibacterial property from 

madeira vine leaves extract, aloe vera's cell-stimulating 

effects complement with gelatin's moisture-absorbing 

properties [11]. Based on the discussion above, the authors 

consider that it is important to investigate the study entitled 

"Optimization of Madeira Vine Leaves and Aloe vera 

Extracts in PVA/Gelatin Hydrogel for Antibacterial Wound 

Dressing". 

 

2. Materials and methods 

 

2.1. Research Design 

The design of the hydrogel film formulation was carried 

out using Minitab 17 software, for optimization calculations 

using a 2-level 2 factorial design with 2 replications resulting 

in 8 experiments. The experiments to be analyzed are shown 

in Table 1. 

 

2.2. Preparation of Aloe vera and Madeira vine leaves 

extracts 

The preparation of aloe vera gel and madeira vine leaves 

extracts involve maceration with 1:2 ratio sample to 96% 

ethanol. After 24 hours, the liquid was filtered, followed by 

concentrating using vacuum rotary evaporator at 60ºC [12-

13]. The result of evaporation gives liquid aloe vera extract 

and pasta madeira vine leaves extract. 

 

2.3. Phytochemical Screening 

Phytochemical tests for phenolic, tannin, flavonoid, 

alkaloid, saponin, steroid and tripetenoid was performed as 

described by Mailuhu et al., (2017) [14]. 

 

2.4. Antibacterial Assay  

Antibacterial assay was performed following method 

described by Akinduti et al., (2019) with some modifications 

[15]. Briefly, for assay of extracts, an overnight culture of 

Staphylococcus aureus ATCC 25923 was transferred to four 

sterilized Erlenmeyer flask each containing 15 mL Mueller 

Hinton Broth (MHB) media to gives initial OD value of 0.1. 

A 96% ethanol, gentamicin, madeira vine leaves extract, and 

aloe vera extract was added to each Erlenmeyer flask, 

respectively to gives final concentration of 1000 ppm. The 

culture was shaken at 180 rpm. The OD value at 600 nm was 

recorded every 2 hours for 8 hours. The bacterial growth rate 

was calculated based on the slope of the OD to time graph. 

For antibacterial assay of hydrogel, the same protocol was 

conducted with substitution of extracts solution with hydrogel 

film (ø 3.8 cm). 

 

2.5. Preparation of Hydrogel Film  

The hydrogels were prepared by heating 20 g of PVA in 

200 mL water with 400 rpm stirring speed until clear solution 

was obtained. Afterward, 5 g of gelatin and 0.1 mL of 37% 

HCl was added to the solution. The mixture was then stirred 

(400 rpm) at 75°C for 30 minutes. The solution was divided 

to 10 equal volumes, eight of which were added by the 

combination of the extracts as presented on Table 1. One was 

added by gentamicin to gives 1000 ppm final concentration, 

while the last one was leave blank without any addition. The 

mixture was stirred manually followed by sonication for 20 

minutes and casting on petri dish. The samples were then 

dried in an oven at 40°C for 48 hours [8]. 

 

2.6. FTIR (Fourier Transform Infrared) Analysis 

Hydrogel films were prepared by grounded and mixed at 

a ratio of 1.0% with potassium bromide (KBr) powder which 

was dried for 24 hours at 120°C. FTIR spectra were collected 

in the range of 4000-400 cm-1, with a scan rate of 2 mm/sec 

and a resolution of 4 cm-1 [8]. 

 

2.7. Swelling Ratio 

The swelling ratio assay analyzes the hydrogel's ability 

to expand or absorb water. The water absorption capacity of 

the hydrogel film was determined as suggested by Lim et al., 

(2015) with some modification by immersing the hydrogel 

film (ø 3.8 cm) in 8 mL distilled water. Then the diameter was 

measured after 5, 15, 25, 35, 45, 55, and 60 minutes of 

immersion [16]. The swelling ratio was calculated using Eq 

1. 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 (%) =
ds−dd 

dd
𝑥 100 % … (Eq. 1) 

Where:  

ds = diameter of the hydrogel film that has been soaked in 

distilled water. 

dd = initial diameter. 

 

2.8. In vitro Extract Release Test  

Before conducting the extract release test, the maximum 

wavelength of the madeira vine leaves extract was 

determined using UV-VIS spectrophotometry. A 50ppm 

solution of the extract was scanned at wavelength of 400-800 

nm [17]. The extract release test assesses the hydrogel's 

ability to release the extract, measuring the speed of release 

through percentage calculation of the mass of extract released 

into a liquid. The hydrogel film is placed in 20 mL of distilled 

water. As much as 5 mL of samples were pipetted every 30 

minutes for three hours, and the same amount of fresh 

distilled water were added to replace the water taken. The 

concentration of the released extract was determined using 

UV-VIS spectrophotometry. The percentage of active 

substance released was calculated using a specific formula. 

The percentage of active substance released is determined 

using Eq 2. 

𝐷𝑟𝑢𝑔 𝑅𝑒𝑙𝑒𝑎𝑠𝑒 (%) =
r

t
 𝑥 100 % … (Eq. 2) 

Where: 

r = active substance release at time t 

t = total active substance loaded in the film 

 

3. Results and Discussions 

 

3.1. Extraction 

The extraction of madeira vine leaves produced 65.76 g 

pasta from 1900 g madeira vine leaves sample which 

correspond to 3.19 % yield. This result is lower compared to 

result described by Betriksia et al., (2018) who obtained 

56.70 g from 500 g madeira vine leaves sample which 

correspond to 6.3% yield [12]. Aloe vera extraction produced 

244.21 mL liquid from 500 g aloe vera gel sample which 

correspond to 16.26% yield. This result is higher compared 

to result described by Kurnia (2021), who obtained 90.27 mL 

liquid from 8000 g aloe vera gel sample which correspond to 

1.125% yield [18]. 
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The variation in extraction results is attributed to 

differences in solvent volume, as indicated by Nurussayyidah 

et al., (2018) who found that a larger material-to-solvent ratio 

leads to increased yield [19]. The choice of 96% ethanol as 

the solvent is based on its universal nature, and its polarity 

facilitates the attraction of desired compounds during 

extraction [20]. Research by Puspitaningtyas et al., (2021) 

reveals that higher ethanol concentrations result in higher 

yields [21]. Time plays a crucial role in the maceration 

method, as emphasized by Budiyanto (2008) [22]. Longer 

maceration times allow for extended contact between the 

solvent and active ingredients, while too short a duration may 

result in incomplete extraction. Temperature is another vital 

factor, where higher temperatures enhancing the solubility of 

extracted substances. However, caution must be exercised to 

prevent damage to the material, as excessively high 

temperatures can be detrimental [23-24].  

 

3.2. Phytochemical screening results 

Phytochemical screening in this study was carried out to 

identify phenolic, tannins, flavonoids, alkaloids, saponins, 

steroids and triterpenoids. The test results can be seen in 

Table 2. The phytochemical testing of madeira vine leaves 

extract revealed positive results for phenolic, tannin, 

flavonoid, saponin, and triterpenoid. This result is in 

agreement with result published by Indarto et al., (2019), 

except for triterpenoid which was not detected in their study 

[25]. Aloe vera extract showed positive results for flavonoid, 

alkaloid, and triterpenoid. This result is slightly different with 

work of Raphael (2012), who found that other than the 

previously mentioned compounds, aloe vera extract also 

contains tannin [26]. The variation in results among studies 

can be attributed to factors such as the type of solvent used 

and differences in the plant's growth environment [27]. Both 

madeira vine leaves and aloe vera extracts contain active 

compounds, including phenolics, tannins, flavonoids, and 

saponins, which are known for their potential antibacterial 

functions with different mechanisms of action [28]. 

 

3.3. Antibacterial Activity of Extracts 

The antibacterial activity of the madeira vine leaves and 

aloe vera gel extracts are shown in Table 3. The assay was 

based on measuring the growth rate (µ) of S. aureus culture 

in the presence of 1000 ppm gentamicin as positive control, 

madeira vine leaves and aloe vera extracts. Culture with 

addiction of 1.5 mL 96% ethanol in 15 mL was used for 

negative control. The result of antibacterial activity showed 

that gentamicin has the highest bacterial growth inhibition as 

indicated of the lowest µ value (68.1% inhibition). Madeira 

vine leaves extract showed a high antibacterial activity, about 

half of gentamicin (39.13% inhibition). In contrast aloe vera 

extract did not showed any inhibition on bacterial growth as 

indicated by similar µ with negative control. The positive 

result of madeira vine leaves extract is in line with previous 

report by Mengga et al., (2022) and Wardani (2018), who 

reported high antibacterial activity of the extract [29-30]. This 

result indicate that madeira vine leaves extract is potential as 

antibacterial agent and can be applied in hydrogel. Even 

though aloe vera extract did not showed any antibacterial 

activity, it was still applied in the hydrogel preparation due to 

its moistening and cell-stimulating effects as reported by 

Dadashzadeh et al., (2020) [11].  

 

3.4. Antibacterial Assay of Hydrogel 

The results of the antibacterial activity of hydrogel with 

impregnated aloe vera and madeira vine leaves extracts 

combination is presented on Table 4. The data was then 

analyzed using Minitab 17 and the ANOVA table as the result 

of the analysis is presented in Table 5. Table 5 indicates that 

madeira vine leaves extract is the most significant factor to 

gives the highest antibacterial activity as indicated by the 

lowest P-Value (P= 0.051). While aloe vera extract, does not 

give significant effect on antibacterial activity (P= 0.471). 

This result is in agreement with the previously described 

antibacterial activity of extracts which showed that madeira 

vine leaves extract has antibacterial activity while aloe vera 

does not showed any inhibitory effect. Main effect plot of 

each extract indicates that the antibacterial activity increases 

when madeira vine leaves extract composition decreases and 

aloe vera increase (Figure 1). The highest antibacterial 

activity (lowest µ value) was observed when 250 ppm 

madeira vine leaves extract and 750 ppm aloe vera extract 

was combine into the hydrogel (Figure 2) [31]. This result 

indicates that there is a possibility of antagonist effect of aloe 

vera on antibacterial activity of madeira vine leaves extract, 

since increasing aloe vera extract reduce antibacterial activity 

of madeira vine leaves extract. From the tests conducted, it 

can be concluded that the best extracts combination 

impregnated on PVA/gelatin hydrogel is 750 ppm aloe vera 

and 250 ppm madeira vine leaves extracts. This PVA/gelatin 

hydrogel with this combination was further characterized for 

its chemical functional group, swelling ratio, and in vitro 

extract release.  

 

3.5. FTIR (Fourier Transform Infrared) Analysis 

FTIR characterization is carried out to determine the 

chemical functional group present in the hydrogel. FTIR 

characterization uses infrared spectroscopy in the wave 

number range 4000-400 cm-1. The peak of FTIR spectrum at 

3600-3200 cm-1 indicates the presence of -OH stretching 

which most likely come from hydroxyl groups in PVA, 

gelatin, glycerol and phenolic compounds from madeira vine 

leaves and aloe vera extracts. The peak spectrum at 3200-

2800 cm-1 indicates the presence of C-H stretching which 

come from C-H in organic compound either in PVA, gelatin, 

glycerol, and phenolic compounds of the madeira vine leaves 

extract. Aromatic C=C stretching is detected by the presence 

of peak at 2200-2100 cm-1 which attributed to aromatic 

compounds in extracts of madeira vine leaves and aloe vera. 

Furthermore, peak at 1750-1735 cm-1 indicate the presence of 

C=O stretching from acetyl group especially gelatin. Peaks at 

1583, 1575, and 1569 cm-1 were associated with peptide bond 

in gelatin (Figure 3). 

 

3.6. Swelling Ratio 

The result of the swelling ratio test is shown in Figure 4. 

The swelling test of the optimum hydrogel revealed a gradual 

increase in diameter over time, reaching 19.1% at the 60th 

minute. The hydrogel, composed of gelatin, madeira vine 

leaves extract, and aloe vera, demonstrated its ability to 

expand, influenced by factors like polymer network 

(crosslinking), hydrophilicity, and concentration of polymer. 

Gelatin, acting as a binder, strengthens the PVA chain 

structure and enhances the hydrogel's hydrophilic properties, 

facilitating water absorption.  
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The study in agreement with previous research 

highlighting the benefits of combining polymers for 

improved water absorption [40]. The hydrogel-maintained 

consistency in swelling ratio over time, showcasing the 

elastic tension in the polymer chain network. The final yield 

percentage exceeded the standard specification of a swelling 

ratio reaching 12.5% within one hour, indicating the 

hydrogel's effectiveness in retaining its structure and swelling 

capacity [41]. 

 

3.7. In vitro Extract Release 

Prior to in vitro extract release testing, it is necessary to 

determine the wavelength that can detect extract that were 

impregnated to the hydrogel.  

The visible spectrum of madeira vine leaves extract is 

presented in Figure 5. There are two peaks detected in this 

test which are at 410 and 665 nm. For the in vitro extract 

release, the 665 nm wavelength was selected due to the 

moderate absorbance value at low concentration (50 ppm). 

The maximum wavelength was then used to measure the 

release of extract. The results of in vitro extract release are 

presented on Figure 6. The extract was released gradually, 

starting from 14.1% at the 30th minute, then slowly increased 

until it reached 28.5% in the 180th minute. This result indicate 

that the extract released in controlled manner, therefore 

suitable for the application as wound dressing [42]. 

 

 

 

Table 1: Experimental Design of Hydrogel Film Preparation. 

 

Run number 
Aloe vera extract concentration 

(ppm) 

Madeira vine leaves extract concentration 

(ppm) 

1. 250 250 

2. 750 750 

3. 250 750 

4. 750 250 

5. 250 250 

6. 750 750 

7. 250 750 

8. 750 250 

 

 

Table 2: Phytochemical screening results of madeira vine leaves and aloe vera extracts. 

 

Compound Group 
Madeira vine leaves extract Aloe vera extract 

This study [25] This study [26] 

Phenolic + + - - 

Tannins + + - + 

Flavonoids + + + + 

Alkaloids - - + + 

Saponins + + - - 

Steroids - - - - 

Triterpenoids + - + + 
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Table 3: Antibacterial test results of madeira vine leaves and aloe vera gel extracts. 

 

Sample µ (AU/hour) 

Control (+) 0.044 

Control (-) 0.138 

Madeira vine leaves extract 0.084 

Aloe vera extract 0.145 

 

 

Table 4: Antibacterial assay results of hydrogels impregnated with combination of aloe vera and madeira vine leaves extracts. 

 

Hydrogel Sample 
Aloe vera extract concentration 

(ppm) 

Madeira vine leaves extract 

concentration (ppm) 
µ (AU/hour) 

P1 

250 250 0.033 

750 750 0.049 

250 750 0.027 

750 250 0.011 

P2 

250 250 0.004 

750 750 0.025 

250 750 0.032 

750 250 -0.015 

Control (+) -0.006 

Note: 

P1 = 1st replicate. 

P2 = 2nd replicate. 

 

 

Table 5: ANNOVA result. 
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Table 6: FTIR wavenumber values. 

 

Function Group 

Reference 

wavenumber 

(cm-1) 

Wavenumber (cm-1) 
Reference 

Control Aloe vera Madeira vine A3B1 

-OH stretching 

 

C–H stretching 

3600-3200 

 

3200-2800 

3073.37 3285.46 2882.98 3030.73 [32-35] 

C=C stretching aromatic 2200-2100 2159.11 2163.20 2163.41 2163.32 [36] 

C=O stretching 1740-1720 1725 1738 1734 1731 [37] 

C-N stretch dan N-H bending 1600-1400 1569 1426.28 1583.03 1575.65 [38-39] 

Note:  

A3B1 = Optimum hydrogel impregnated with 750 ppm aloe vera and 250 ppm madeira vine leaves extracts. 

 

 

 
 

Figure 1. Main effects plot. 

 

 
 

Figure 2. Response optimization. 
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Figure 3. FTIR spectrum of PVA/gelatin hydrogel (black), PVA/gelatin hydrogel impregnated with aloe vera (red), madeira vine 

leaves (blue), and the optimum hydrogel (orange). 

 

 

 
Figure 4.  The results of the swelling ratio of the PVA/gelatin hydrogel impregnated with 750 ppm aloe vera and 250 ppm 

madeira vine leaves extracts. 
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Figure 5. Visible spectrum of 50 ppm madeira vine leaves extract. 

 

 

 
 

Figure 6. In vitro extract release at 665 nm from PVA/gelatin hydrogel.
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4. Conclusion 

Based on the results of the present study, the highest 

bacterial activity was found at 250 ppm madeira vine leaves 

extract and 750 aloe vera extract combination in PVA/gelatin 

hydrogel. FTIR analysis confirm the presence of -OH 

stretching, C-H stretching, aromatic C=C stretching, C=O 

stretching, and peptide bond. The swelling ratio of the 

hydrogel is 19.1% which exceeds the standard specification 

of the swelling ratio of 12.5%, and the in vitro extract release 

indicate that the 28.5% extract was release in 180 minutes. 

The data collected confirm that the PVA/gelatin hydrogel 

impregnated with madeira vine leaves and aloe vera extracts 

is suitable for wound dressing. 

 

Conflict of Interest  

We certify that there is no conflict of interest with any 

financial, personal, or other relationships with other people or 

organization related to the material discussed in the 

manuscript. 

 

References 

 

[1] S. Chhabra, N. Chhabra, S. Gaba. (2015). 

Maxillofacial injuries due to animal bites. Journal of 

Maxillofacial and Oral Surgery. 14: 142-153. 

[2] T. Swanson, D. Angel, G. Sussman, R. Cooper, E. 

Haesler, K. Ousey, E. Call. (2016). Wound infection 

in clinical practice: principles of best practice, 

International Consensus Update 2016. Wounds 

International Limited. 

[3] A. J. Buulolo, D. Syamsul. (2016). Formulation of 

Aloe Vera Gel Preparation as Wound Healing 

Agent. Jurnal Dunia Farmasi. 1 (1): 1-6. 

[4] L. S. Marhaeni. (2020). The Potential of Aloe Vera 

(Aloe vera Linn) as Medicine and a Food Source. 

AGRISIA-Jurnal Ilmu-Ilmu Pertanian. 13 (1): 32-

39. 

[5] M. R. Novyana. (2016). Aloe Vera for Wound 

Healing. Majority. 5 (4): 148–153. 

[6] A. N. Hidayat, N. Asminah, T. Y. Hendrawati, I. 

Ismiyati. (2019). Prioritizing the Utilization of 

Binahong Leaves (Bassela rubra Linn) Using the 

Analytical Hierarchy Process (AHP) Method. 

Prosiding Semnastek. 1-6. 

[7] H. J. Edy, S. W. Marchaban, A. E. Nugroho. (2017). 

Formulation and evaluation of hydrogel containing 

Tagetes erecta L. Leaves Etanolic extract. 

International Journal of Current Innovation 

Research. 3 (3): 627-630.  

[8] N. Imtiaz, M. B. K. Niazi, F. Fasim, B. A. Khan, S. 

A. Bano, G. M. Shah, M. Badshah, F. Menaa, B. 

Uzair. (2019). Fabrication of an original transparent 

PVA/gelatin hydrogel: In vitro antimicrobial 

activity against skin pathogens. International 

Journal of Polymer Science.  

[9] H. Hariyanti, E. Erizal, R. Z. Apriyani, D. P. 

Perkasa, I. Lestari, H. Rahmi. (2023). Synthesis of 

Polyvinyl Alcohol (PVA)-Gelatin Hydrogel from 

White Snapper (Lates calcarifer Bloch) with 

Gamma Irradiation and Its Characterizations. Atom 

Indonesia. 49 (2): 69-75. 

[10] S. Sutyasmi, S. Supraptiningsih. (2014). Reuse of 

chromium waste from shaving for leather tanning. 

Majalah Kulit, Karet, dan Plastik. 30 (2): 87-94.  

[11] A. Dadashzadeh, R. Imani, S. Moghassemi, K. 

Omidfar, N. Abolfathi. (2020). Study of hybrid 

alginate/gelatin hydrogel-incorporated niosomal 

Aloe vera capable of sustained release of Aloe vera 

as potential skin wound dressing. Polymer Bulletin. 

77: 387-403. 

[12] D. Betriksia, I. S. Hamid, L. S. Hermanu. (2018). 

Testing the potential of Binahong leaf extract 

(Anredera cordifolia (Ten.) Steenis) in increasing 

Granulation tissue thickness and healing time of rat 

burn wounds. Jurnal Farmasi Sains dan Terapan. 5 

(1): 11-17. 

[13] A. N. Septiawan, E. Septiawan, S. Husein. (2020). 

Antioxidant Activity of Combination of Ethanol 

Extracts from Aloe Vera (Aloe vera L.) and Green 

Algae (Ulva lactuca L.). INPHARNMED Journal 

(Indonesian Pharmacy and Natural Medicine 

Journal). 4 (1): 11-24. 

[14] M. Mailuhu, M. Runtuwene, H. Koleangan. (2017). 

Phytochemical Screening and Antioxidant Activity 

of Methanol Extract from Soyogik Bark (Saurauia 

bracteosa Dc). Chemistry Progress. 10 (1): 1-6. 

[15] P. A. Akinduti, B. Motayo, O. M. Idowu, P. O. 

Isibor, G. I. Olasehinde, Y. D. Obafemi, H. U. 

Ugboko, J. O. Oyewale, A. Oluwadun, G. A. 

Adeyemi. (2019). Suitability of spectrophotometric 

assay for determination of honey microbial 

inhibition. Journal of Physics: Conference Series. 

1299 (1): 012131.  

[16] T. M. Lim, M. Ulaganathan, Q. Yan. (2015). 

Advances in membrane and stack design of redox 

flow batteries (RFBs) for medium-and large-scale 

energy storage. In Advances in Batteries for 

Medium and Large-Scale Energy Storage. 477-507.  

[17] N. Gull, S. M. Khan, M. T. Z. Butt, S. Khalid, M. 

Shafiq, A. Islam, S. Asim, S. Hafeez, R. U. Khan. 

(2019). In vitro study of chitosan-based multi-

responsive hydrogels as drug release vehicles: A 

preclinical study. RSC Advances. 9 (53): 31078-

31091. 

[18] N. Kurnia. (2021). Effect of Ethanol Extract from 

Aloe Vera (Aloe vera L.) on the Activity and 

Capacity of Peritoneal Macrophage Cells in Male 

White Mice. Thesis. 1-48. 

[19] A. Nurussayyidah, L. Syafah, A. F. Putra. (2018). 

The Influence of Ratio of Material and Solvent on 

Non-Specific Parameters of Temugiring Extract 

(Curcuma heyneana Val. & V. Zyp). (Doctoral 

dissertation, Akademi Farmasi Putera Indonesia 

Malang). 1-10. 

[20] M. Amini, I. Tivani, J. Santoso. (2022). The 

Influence of Different Solvent Extraction of Pandan 

Wangi Leaves (Pandanus amaryllifolius Roxb.) on 

the Antibacterial Activity against Staphylococcus 

aureus. Thesis. 1-8. 

[21] D. Puspitaningtyas, G. P. G. Putra, L. Suhendra. 

(2021). Effect of Ethanol Concentration and 

Extraction Time using Microwave Assisted 

Extraction (MAE) Method on the Antioxidant 



International Journal of Chemical and Biochemical Sciences (IJCBS), 25(13) (2024): 317-326 

 

Nabila et al., 2024     326 
 

Activity of Cocoa Fruit Peel Extract. Rekayasa dan 

Manajemen Agroindustri. 9 (3): 371–382. 

[22] A. Budiyanto. (2008). Effect of Temperature and 

Extraction Time on the Pectin Characteristics of 

Citrus nobilis L. Peel Residue. Jurnal Pascapanen. 5 

(2): 37–44. 

[23] D. T. Wahyuni, S. B. Widjanarko. (2015). The 

Influence of Solvent Type and Extraction Duration 

on Carotenoid Extract from Pumpkin Using 

Ultrasonic Wave Method. Jurnal Pangan dan 

Agroindustri. 3 (2): 390-401. 

[24] S. Margaretta, S. D. Handayani, N. Indraswati, H. 

Hindarso. (2013). Extraction of Phenolic 

Compounds from Pandanus amaryllifolius Roxb. as 

Natural Antioxidants. Widya Teknik. 10 (1): 20-30. 

[25] Indarto, W. Narulita, B. S. Anggoro, A. Novitasari.  

(2019). Antibacterial Activity of Madeira Vine Leaf 

Extract against Propionibacterium acnes. Biosfer. 

10 (1): 67–78. 

[26] E. Raphael. (2012). Phytochemical constituents of 

some leaves extract of Aloe vera and Azadirachta 

indica plant species. Global Advanced Research 

Journal of Environmental Science and Toxicology. 

1 (2): 14-17. 

[27] H. Halim, S. Ratnah, T. Abdullah. (2022). 

Phytochemical Screening and Antibacterial 

Potential of Binahong Leaf Extract (Anredera 

cordifolia Ten. Steenis) against Staphylococcus 

aureus and Escherichia coli. Jurnal Laboran 

Medika. 6 (2): 49-52. 

[28] L. P. Rosa, D. Wahyuni, S. Murdiyah. (2020). 

Isolation and Identification of Endophytic Fungi 

from Suruhan Plant (Peperomia pellucida L. 

Kunth). Bioma: Berkala Ilmiah Biologi. 22 (1): 26-

45.  

[29] C. Mengga, M. Rampe, F. Sangande. (2022). 

Effectiveness Test of Binahong Leaf Extract 

(Anredera cordifolia (Tenore) Steenis) against 

Staphylococcus aureus Bacteria. The Tropical 

Journal of Biopharmaceutical. 5 (1): 60-65. 

[30] D. A. K. Wardani. (2018). Antibacterial Activity of 

Binahong Leaf Macerate Gel (Anredera cordifolia 

(Ten.) Steenis) against Staphylococcus aureus 

Bacteria. Thesis. 1-92. 

[31] S. Seniati, M. Marbiah, A. Irham. (2019). 

Measurement of Vibrio harveyi Bacterial Density 

Using a Spectrophotometer. Agrokompleks. 19 (2): 

12-19. 

[32] J. L. Guimarães, A. C. T. Cursino, C. K. Saul, M. R. 

Sierrakowski, L. P. Ramos, K. G. Satyanarayana. 

(2016). Evaluation of castor oil cake starch and 

recovered glycerol and development of “Green” 

composites based on those with plant fibers. 

Materials. 9 (2): 76. 

[33] I. Sriyanti, M. R. Almafie, Y. P. Nugraha, M. K. N. 

A. Idjan, J. Jauhari. (2021). The morphology of 

polyvinylpyrrolidone nanofibers containing 

Anredera cordifolia leaves. Jurnal Ilmiah 

Pendidikan Fisika Al-Biruni. 10 (2): 179-189. 

[34] B. Fardsadegh, H. J. Malmiri. (2019). Aloe vera leaf 

extract mediated green synthesis of selenium 

nanoparticles and assessment of their in vitro 

antimicrobial activity against spoilage fungi and 

pathogenic bacteria strains. Green Processing and 

Synthesis. 8 (1): 399-407. 

[35] H. S. Mansur, C. M. Sadahira, A. N. Souza, A. A. P. 

Mansur. (2008). FTIR spectroscopy characterization 

of poly (vinyl alcohol) hydrogel with different 

hydrolysis degree and chemically crosslinked with 

glutaraldehyde. Materials Science and Engineering 

C. 28 (4): 539–548. 

[36] N. W. R. K. Dewi, I. W. Gunawan, N. M. Puspawati. 

(2017). Isolation and Identification of Flavonoid 

Group Antioxidant Compounds from Ethyl Acetate 

Extract of Pranajiwa Leaves (Euchresta horsfieldii 

Lesch Benn.). Cakra Kimia (Indonesian E-Journal 

of Applied Chemistry). 5 (1): 26. 

[37] E. A. Krisanti, M. P. Wahyunisa, N. Hijrianti, K. 

Mulia. (2019). Chitosan-alginate matrices loaded 

with leaf extracts of Anredera cordifolia Steenis as 

a gastrointestinal extended-release formulation. In 

AIP Conference Proceedings. 2193 (1): 030001.  

[38] S. Mad-Ali, S. Benjakul, T. Prodpran, S. Maqsood. 

(2016). Characteristics and gel properties of gelatin 

from goat skin as influenced by alkaline-

pretreatment conditions. Asian-Australasian Journal 

of Animal Sciences. 29 (6): 845. 

[39] M. Hulupi, H. Haryadi. (2018). Synthesis and 

Characterization of Cross-Linked Polyvinyl Alcohol 

Nano Fibers with Glutaraldehyde for Wound 

Dressing Applications. Chimica et Natura Acta. 6 

(3): 101-105. 

[40] D. W. Rahayuningdyah. (2020). Development of 

Hydrogel Wound Dressing Formula Using a 

Combination of Galactomannan and PVP Polymers. 

Pharmaceutical Journal of Indonesia. 5 (2): 117-122. 

[41] W. Treesuppharat, P. Rojanapanthu, C. Siangsanoh, 

H. Manuspiya, S. Ummartyotin. (2017). Synthesis 

and characterization of bacterial cellulose and 

gelatin-based hydrogel composites for drug-delivery 

systems. Biotechnology reports. 15: 84-91. 

[42] N. H. Thang, T. B. Chien, D. X. Cuong. (2023). 

Polymer-based hydrogels applied in drug delivery: 

An overview. Gels. 9 (7): 523. 

 

 


